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Examiner 

Marcos D. Pizarro-Crespo 



Applicant(s) 

LIU ETAL 



Art Unit 
2814 



- The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Peiiod fur Rep l y 



A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH (S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

" !1 15S peri - OC l rep ', y ? pecifled above is ,ess than tnirt y W day 5 - a r ep'y within the statutory minimum of thirty (30) days will be considered timely 

li NO period for reply is specified above the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 



- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U S C § 133) 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed may reduce anv 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)S Responsive to communication^) filed on 09 September 2002 . 
2a)S This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O G 213 
Disposition of Claims 

4) E3 Claim(s) 16-20 is/are pending in the application 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) Q Ciaim(s) is/are allowed. 

6) (3 Claim(s) 16-18 and 20 is/are rejected. 

7)H Claim(s) 7y is/are objected to. 



8)D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

$)□ The specification is objected to by the Examiner. 

1 0) D The drawing(s) filed on is/are: a)D accepted or b)Q objected to by the Examiner. 

Applicant may not request that any objection to the.drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

1 1) D The proposed drawing correction filed on is: a)D approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) Q The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§ 119 and 120 

13) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (0- 

a)DAII b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2.Q Certified copies of the priority documents have been received in Application No. . 

3-D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Attachment(s) 

1 ) [3 Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-41 3) Paper No(s). . 

2) U Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) □ Notice of Informal Patent Application (PTO-1 52) 

3) l_J Information Disclosure Statements) (PTO-1 449) Paper No(s) . 6) □ Other 
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Attorney's Docket Number: 5251 " 

Filing Date: 7/31/2000 

Claimed Foreign Priority Date: none 

Applicant(s): Liu et al. 

Examiner: Marcos D. Pizarro-Crespo 

DETAILED ACTION 

This Office action responds to the amendment (paper no.9) filed on 9/9/2002. 

Acknowledgment 

1. The amendment (paper no. 9) filed on 9/9/2002 in response to the Office action 
(paper no. 8) mailed on 6/5/2002 has been entered. The present Office action (paper 
no. 10) is made with all the suggested amendments being fully considered. Accordingly, 
pending in this Office action are claims 16-20. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claims 16 is rejected under 35 U.S.C. 102(b) as being anticipated by Kim (JP 8- 
274198). 

4. Kim shows (see, e.g., figs. 5-6) all aspects of the instant invention including a 
method for fabricating a semiconductor device with a trenched gate, said method 
comprising: 



Application/Control Number: 09/629,780 (Final Rejection) p age 3 

Art Unit: 2814 

> etch i ng a tr e nch 4 9 hav ing substant i a l ly upr i gh t vertica l s i dewa ll s and a 

bottom surface in a semiconductor substrate 41 

> forming a trench-to-gate insulating layer inside the trench 49 

> forming a trenched gate electrode 57 on the trench-to-gate insulating layer 
inside the trench 41 

> forming source/drain regions 45, 47 in the semiconductor substrate 41 

> forming an inter-gate dielectric layer 61 on a top surface of the trenched gate 
electrode 57 

> forming a control gate electrode 63 on a top surface of the inter-gate dielectric 
layer 61 

wherein 

> the trench-to-gate insulating layer comprises: 

- a trench gate-dielectric spacer 52 formed on the upright vertical sidewalls 
inside the trench 49 

- a trench gate tunneling dielectric 53 formed on the bottom surface inside 
the trench 49 

> the source and drain regions 45, 47 partially extend laterally underneath the 
bottom of the trench 49 

Claim Rejections - 35 (JSC § 103 
5. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
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were made absent any evidence to the contrary. Applicant is advised ot the obligation 
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

6. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kim in 
view of Lin (US 5960284). 

7. Regarding claim 17, Kim shows most aspects of the instant invention (see 
paragraph 4 above). In addition, Kim shows (see, e.g., fig. 6h) the step of forming the 
trenched gate-electrode 57 comprising the step of rtfipnsiting a layer of polysilicon on 
the trench-to-gate insulating layer inside the trench 49. Kim, however, fails to show the 
step of forming the trenched gate-electrode also comprising the step of planarizing the 
layer of polysilicon to a substantially planar orientation with a top surface of the 
semiconductor substrate. 

Lin (see, e.g., figs. 7B and 8B), on the other hand, shows a step of forming a 
trenched gate-electrode comprising the step of planarizing the layer of polysilicon to a 
substantially planar orientation with a top surface of the semiconductor substrate. 
Because the floating gate is under the wafer surface, the profile of stacking the gate 
above the silicon surface is the same as that of the peripheral devices (col. 6/II. 43-45). 
Therefore, the stacking gate etching can be done simultaneously with the control gate 
etching for peripheral devices (col. 5/II. 45-47). 



Application/Control Number: 09/629,780 (Final Rejection) Page 5 

Art Unit: 2814 

Consequ e nt l y, i t w o u ld hav e b een ubv i uus at the t ime of the invention to one of 

ordinary skill in the art to have Kim's step of forming the trenched gate-electrode further 
comprising Lin's step of planarizing the layer of polysilicon to a substantially planar 
orientation with a top surface of the semiconductor substrate since this will provide for a 
reduction in the number of method steps by for example simultaneously etching the 
stacking gate of Kim and any peripheral devices. 

8. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kim in 
view of Lin (US 6127226) and Jaeger. 

9. Regarding claim 18, Kim shows most aspects of the instant invention (see 
paragraph 4 above), except for a step of implanting the seminondi ir.t nr cnhctrgfo t n f^rm 
sidewall doping in the substrate laterally spacing each of the source and drain regions 
from the trench. 

Lin, on the other hand, shows (see, e.g., fig. 5B) a step of implanting a 
semiconductor substrate 12 forming sidewall dopings 22 in the substrate 12 and 
laterally spacing each of the source 34S and drain 34D regions from the trench (see, 
e.g., fig. 9B). Moreover, Lin teaches that this step is a threshold implantation step 
(col.4/11.65). 

Jaeger (pp.178) teaches that the threshold voltage is directly related to the 
substrate doping and that there are several tradeoffs involved in the choice of substrate 
doping. According to Jaeger (pp.178), Lin's threshold implantation step is routinely 
used in the art to separate the threshold-voltage design from other factors involved in 
the choice of substrate doping. 
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Consequently, il wuuld have been obvious at the time of the invention to one of 

ordinary skill in the art to include in Kim's method the step suggested by Lin of 
implanting the semiconductor substrate forming sidewall dopings that laterally space 
each of the source and drain regions since, as taught by Jaeger, this is a step routinely 
used in the art to separate threshold voltage design considerations from other factors 
involved in the choice of substrate doping. 

10. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kim in 
view of Lin (US 6127226) and Jaeger, further in view of Wolf (US 3873371). 

11. Regarding claim 20, Kim shows most aspects of the instant invention (see 
paragraph 4above), e xcept for q s tep of i mplanting the semiconductor substrate to f orm 
sidewall doping in the substrate laterally spacing each of the source and drain regions 
from the trench. 

Lin, on the other hand, shows (see, e.g., fig. 5B) a step of implanting the 
semiconductor substrate 12 forming sidewall dopings 22 in the substrate 12 and 
laterally spacing each of the source 34S and drain 34D regions from the trench (see, 
e.g., fig. 9B). Moreover, Lin teaches that this step is a threshold implantation step 
(COL4/II.65) 

Jaeger (pp.178) teaches that the threshold voltage is directly related to the 
substrate doping and that there are several tradeoffs involved in the choice of substrate 
doping. According to Jaeger (pp.178), Lin's threshold implantation step is routinely 
used in the art to separate the threshold-voltage design from other factors involved in 
the choice of substrate doping. 
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Consequently, it would have been obvious at the time of the invention to one of 

ordinary skill in the art to include in Kim's method the step suggested by Lin of 
implanting the semiconductor substrate forming sidewall dopings that laterally space 
each of the source and drain regions since, as taught by Jaeger, this is a step routinely 
used in the art to separate threshold voltage design considerations from other factors 
involved in the choice of substrate doping. 

In addition, Lin shows that the sidewall dopings are ion implanted at an angle to 
assure that the substrate sidewalls are implanted at the right dosage (see, e.g., fig. 5B; 
col.4/ll.64-col.5/ll.3). Lin, however, fails to specify that the angle of implantation be 

approximately between 15-75° Angle differences, however, are considered obvious 

design choices and are not patentable unless unobvious or unexpected results are 
obtained from these changes. 

Wolf (col.2/11.10-14), for example, teaches that the angle of implantation is a 
design variable that, if properly chosen, allows controlling the location at which the 
implanted impurities are introduced into the semiconductor substrate. 

Accordingly, it would be an obvious matter of design choice to select a suitable 
angle for the ion implantation of Lin's sidewall dopings, as taught by Wolf, since the 
angle of implantation is a variable of importance subject to routine experimentation and 
optimization and it is not inventive to discover the optimum or workable ranges by 
routine experimentation. In re Alter, 220 F.2d 454, 105 USPQ 233, 235. 
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Allowable Subject Mdttei " " 

12. Claim 19 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

Response to Arguments 

13. Applicant's arguments with respect to claims 16-18 and 20 have been considered 
but are moot in view of the new ground(s) of rejection. 

Conclusion 

14. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly. THIS ACTION IS MADF finai mpfp 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

15. A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

16. Papers related to this application may be submitted directly to Art Unit 2814 by 
facsimile transmission. Papers should be faxed to Art Unit 2814 via the Art Unit 2814 
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Fax Contor l ocated in Crysta l Plazd 4, luum 3C23. T he faxing ot such papers must 
conform to the notice published in the Official Gazette, 1096 OG 30 (15 November 
1989). The Art Unit 2814 Fax Center number is (703) 308-7722 or -7724. The Art Unit 
2814 Fax Center is to be used only for papers related to Art Unit 2814 applications. 

17. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Marcos D. Pizarro-Crespo at (703) 308-6558 and 
between the hours of 9:00 AM to 7:30 PM (Eastern Standard Time) Monday through 
Thursday or by e-mail via Marcos. Pizarro@usDto.aov If attempts to reach the 
examiner by telephone are unsuccessful, the examiner's supervisor, Olik Chaudhuri, 
can be reached on (703) 306-2794. 

18. Any inquiry of a general nature or relating to the status of this application should 
be directed to the Group 2800 Receptionist at (703) 308-0956. 

19. The following list is the Examiner's field of search for the present Office Action; 







U.S. Class / Subclass(es): 438/257-267, 257/314-326 


10/9/2002 


Other Documentation: 




Electronic Databa^sT e)\ST (USPAT, EPO, JPO) 


10/9/2002 




MDP/mdp 
October 9, 2002 



Marcos D. Pizarro-Crespo 

Patent Examiner 
Art Unit 2814 
703-308-6558 
marcos.Dizarro@usDto.oov 



